Abstract. In this paper, we propose a cooperative localization method for moving source using time difference of arrival (TDOA) and frequency difference of arrival (FDOA) measurements. Research on cooperative localization of moving source is an important topic to solve the passive source localization problem in different fields, such as radar, sonar, navigation, wireless communications and so forth. We investigate the improvement in source estimation accuracy. In the cooperative localization structure, a cooperative localization method based on quasi-Newton (QN) approach and two-step weighted least-squares (TSWLS) method is designed. The research results prove that the source localization accuracy has been improved effectively by using cooperative localization method based on QN-TSWLS method.
Introduction
The problem of passive source localization is a classical problem which frequently has gained considerable interest in radar, sonar, navigation, wireless communications and so forth [1] . The common location technique has been plentifully researched with time difference of arrival (TDOA) measurements [2] . When there is a relative move between the source and receivers, frequency difference of arrival (FDOA) measurements can also be exploited with TDOAs to improve location accuracy [3] . This paper focuses on moving source location estimation using TDOA and FDOA measurements, which is a difficult and challenging problem because of the high nonlinearity implied in the measurement equations. Over the years, many elegant methods have been proposed for the problem, including the iterative Taylor-series method [4] and the closed-form solution methods [5] . The Taylor-series approach is to linearize the measurement equations via Taylor-series expansion, and the solution can be found iteratively. The closed-form estimators rearrange the nonlinear equations into a set of linear equations by introducing intermediate variables. Thus, the linear equations can be solved directly by using least squares (LS) regulation. The closed-form solution is attractive because it does not require initial solution guesses and does not have divergence problem as compared to the iterative techniques. Based on this idea, Ho et al [6] proposed the well-known two-step weighted least-squares (TSWLS) method.
In this paper, Comparing with the well-known TSWLS method in [6] , we develop an improved quasi-Newton two-step weighted least-squares (QN-TSWLS) method. The QN method uses the receiver stations estimation by the TSWLS method as the initial solution guesses, and then uses QN approach to gain more precision source estimation. Simulation studies validate the good performance of the proposed method.
Mathematical Model
To find a suitable algorithm for position and velocity estimation, the general case of moving source localization using TDOA and FDOA measurements is analyzed. The scenario is shown in Fig. 1 
The moving source position and the velocity of the source is defined as
Without loss of generality, set the first receiver as the reference receiver. The distance between the i th receiver station and source is
Where  denotes the Euclidean norm.
In the system, the relative arrival times can be defined with regard to reference receiver station 1, and the difference between the range of the i th station and the reference station is
Where c is the signal propagation speed, 1 o i  is the true TDOA value between pair i and 1, 1 i r is range measurements, 1 i n is the range noise that is assumed to be zero-mean Gaussian. By taking the derivative of (1) with respect to time, the range rate of the i th station is
Then the difference between the range rate of the i th station and the reference station can be defined by 
The vector [ , ]
T T T   α n n  represents the corresponding measurement error vector, which is zero-mean Gaussian with covariance matrix [ ]
QN-TSWLS Algorithm
The classical TSWLS algorithm is illuminated in [6] in detail. In this section, we improve this classical algorithm in some details. (5), and ignore all the second and higher order error terms, then we have
By taking derivative of (5), we have FDOA equation
Where     
r r r r r r r n r n
The subscript f is used to represent the equation error from FDOA measurements.
As a result, [ , ]
T T T u u  can be estimated by the TSWLS method whose solution is [6] Second Stage: After the first stage, the source position u can be considered that is fixed. Then, the FDOA equations is linearity for source velocity u  , from (8), so, we have a more precision velocity estimation by the weighted least-squares (LS) method as in [6] . Then, we use the quasi-Newton method to compute u with the TDOA and FDOA equations. One or two iterations should be sufficient in most cases when the initial estimates are close to the true solutions because of the quadratic convergence of the QN algorithm near the solution.
On the basis of the above analysis, the procedures of the QN-TSWLS method for position and velocity estimation are given as follows:
Obtain the initial source position and velocity estimations 0 u and 0 u  using the TSWLS solution in Put ˙i u  into FDOA equations and exploit together with TDOA equations to use the QN in [7] method to compute the i u .
Simulations
This section provides the performance comparison of the proposed method with original TSWLS and with the CRLB. The simulation scenario contains 6 receivers, which is the same as in [5] . The true positions and velocities of the receivers are listed in Table 1 . And also the noisy positions and velocities of the receivers are generated by adding zero mean Gaussian noises to the true values respectively. The TDOA noise power is Fig. 2 and Fig. 3 show the performance curves for near-field source and far-field source respectively. It can be shown that the proposed QN-TSWLS method can achieve the CRLB before the thresholding effect occurs. When the noise becomes large, the performance of the proposed method is better than that of the TSWLS method in both near-field source and far-field source. It is more robust to large measurement noise than the TSWLS method.
Conclusions
In this paper the efficient TDOA/FDOA localization method based on QN-TSWLS method is proposed, which is consistent with the actual localization model. The proposed method corrected the estimations of the TSWLS method. Simulations validate the effectiveness of the proposed method. However, this work will be studied in greater depth in the future, which includes computational complexity and theoretical analysis.
